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PRINTABLE MATERIAL HAVING MELTABLE LAYERS FOR TRANSFER BY HEAT 

10 



Technical Field 

15 The present invention is directed to heat transfer materials, 

methods of making heat transfer materials, and methods of transfer 
coating using heat transfer materials. 

Background of the Invention 

20 In recent years, a significant industry has developed which 

involves the application of customer-selected designs, messages, 
illustrations, and the like (referred to collectively hereinafter as 
"customer-selected graphics") on articles of clothing, such as T-shirts, 
sweat shirts, and the like. These customer-selected graphics typically 

25 are commercially available products tailored for a specific end-use and 

are printed on a release or transfer paper. The graphics are transferred 
to the article of clothing by means of heat and pressure, after which the 
release or transfer paper is removed. 

Heat transfer papers having an enhanced receptivity for images 

30 made by wax-based crayons, thermal printer ribbons, and impact 

ribbon or dot-matrix printers, are well known in the art. Typically, a 
heat transfer sheet comprises a cellulosic base sheet and an image- 
receptive coating on a surface of the base sheet. The image-receptive 
coating usually contains one or more film-forming polymeric binders, 

35 as well as, other additives to improve the transferability and 

printability of the coating. Other heat transfer sheets comprise a 
cellulosic base sheet and an image-receptive coating, wherein the 
image-receptive coating is formed by melt extrusion or by laminating 
a film to the base sheet. The surface of the coating or film may then be 
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roughened by, for example, passing the coated base sheet through an 
embossing roll. 

Much effort has been directed at generally improving the 
transferability of an image-bearing laminate (coating) to a substrate. 
5 For example, an improved cold-peelable heat transfer material has 

been described in U.S. Patent No. 5,798,179, which allows removal of 
the base sheet immediately after transfer of the image-bearing 
laminate ("hot peelable heat transfer material") or some time 
thereafter when the laminate has cooled ("cold peelable heat transfer 

10 material''). Moreover, additional effort has been directed to improving 

the crack resistance and washability of the transferred laminate. The 
transferred laminate must be able to withstand multiple wash cycles 
and normal "wear and tear" without cracking or fading. 

Various techniques have been used in an attempt to improve 

15 the overall quality of the transferred laminate and the article of 

clothing containing the same. For example, plasticizers and coating 
additives have been added to coatings of heat transfer materials to 
improve the crack resistance and washability of image-bearing 
laminates on articles of clothing. However, cracking and fading of the 

20 transferred image-bearing coating continues to be a problem in the art 

of heat transfer coatings. 

Conventional heat transfer materials result in less than desirable 
finished products due to the relatively large thickness of the transfer 
coating. In conventional "hot peel" heat transfer processes, a relatively 

25 thick transfer coating layer is required to avoid quality problems, such 

as splitting of the transfer coating while the base sheet is removed. In 
conventional "cold peel" heat transfer processes, all of the transfer 
coating is released from the base sheet, forming a relatively thick 
coating. Typically, in these processes the transfer coating thickness is 

30 at least 40 grams per square meter (gsm). The relatively thick coatings 

fill the gaps within and between adjacent yarns of the coated fabric, 
forming bridges over the yarn gaps. The bridges tend to crack when 
the fabric is washed, resulting in a very poor appearance. 
Furthermore, the thick transfer coating tends to become sticky when 

35 exposed to hot air, such as found in a clothes dryer, such that garments 

stick together if dried in a hot clothes dryer. 

In addition to the problems of cracking and fading of the 
transferred image-bearing coating, the breathability of the coated 
article of clothing continues to be a problem using conventional heat 

40 transfer coatings. Conventional heat transfer coatings, whether 
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applied using a hot-peelable heat transfer material or a cold-peelable 
heat transfer material, require a minimal coating thickness in order to 
produce a continuous image-bearing coating. This results in a finished 
article of clothing having negligible breathability. 

What is needed in the art is a heat transfer material, which 
substantially resists cracking while maintaining or enhancing the 
breathability of the coating. What is also needed in the art is a heat 
transfer material having a heat fusible coating thereon, wherein the 
heat fusible coating enables the production of a finished, image- 
bearing, article of clothing having breathability. 

Summary of the Invention 

The present invention addresses some of the difficulties and 
problems discussed above by the discovery of a heat transfer material 
having a unique structure, which enables the transfer of a continuous, 
image-bearing coating onto an article of clothing, wherein the transfer 
coating thickness is less than conventional transfer, coatings. The heat 
transfer material of the present invention may be applied, using a hot 
or cold peelable method, without the processability and quality 
problems associated with conventional heat transfer materials. 

The heat transfer material of the present invention contains an 
interior meltable layer, a surface meltable layer, and a release coating 
layer. The release coating layer separates the two meltable layers. 
During application with heat and pressure, the interior meltable layer, 
release coating layer, and surface meltable layer penetrate into the 
yarn interstices, or other undulations, of a given substrate to be coated. 
However, only the surface meltable layer transfers to the substrate. 
The resulting transfer coating has a coating thickness less than 
conventional coatings, which provides improved breathability of the 
coated substrate. 

The present invention is also directed to a method of making a 
printable heat transfer material having the above described structure. 
The method includes the steps of applying a release coating to an 
interior meltable layer and applying a surface meltable layer to the 
release coating layer. 

The present invention is further directed to a method of transfer 
coating using the above described printable heat transfer material. The 
method includes the steps of applying heat and pressure to the heat 
transfer material and removing the interior meltable layer and release 
layer from the coated substrate. 

3 
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These and other features and advantages of the present 
invention will become apparent after a review of the following 
detailed description of the disclosed embodiments and the appended 

claims. 



Brief Description of the Drawings 

Fig. 1 is a fragmentary sectional view of a first embodiment of a 
printable heat transfer material of the present invention. 

Fig. 2 is a fragmentary sectional view of a second embodiment 
of a printable heat transfer material of the present invention. 

Detailed Description of the Invention 

The present invention is directed to a unique heat transfer 
material for use in transferring an image-bearing coating onto a 
substrate, such as an article of clothing. The heat transfer material of 
the present invention may be used in both hot and cold peel transfer 
processes, resulting in an image-bearing coating having superior crack 
resistance, washability, and breathability compared to conventional 
image-bearing coatings. The heat transfer material of the present 
invention produces superior results due to its unique r multi-layer 
structure. 

The heat transfer material of the present invention comprises at 
least two meltable layers separated by a release coating layer. The first 
meltable layer, designated an interior meltable layer (or base coating), 
along with the release layer, provide a "penetrating effect" to the heat 
transfer sheet, which forces the second meltable layer, designated the 
surface meltable layer (or print coating), into the interstices of a given 
substrate to be coated, such as a T-shirt. In addition to the layers 
above, the heat transfer material of the present invention may include 
one or more of the following layers: a base substrate, a sub-coating 
layer, and a top coating layer. Each of the individual layers of the heat 
transfer material, when present, provides a desirable property to the 
overall heat transfer sheet. 

The heat transfer material of the present invention may 
comprise various layers as discussed above. In one embodiment of the 
present invention, shown in Fig. 1, the heat transfer material 10 
comprises a first meltable layer (interior meltable layer) 11; a release 
layer 12, provided on a surface 13 of first meltable layer 11; and a 
second meltable layer (surface meltable layer or print layer) 14, 
provided on a surface 15 of release layer 12. In a further embodiment 

4 
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of the present invention, shown in Fig. 2, the heat transfer material 20 
comprises a base layer 21; a first meltable layer (interior meltable 
layer) 23, provided on a surface 22 of base layer 21; a release layer 25, 
provided on a surface 24 of first meltable layer 23; a sub-coating layer 
5 27, provided on a surface 26 of release layer 25; a second meltable layer 

(surface meltable layer) 29, provided on a surface 28 of sub-coating 
layer 27; and a top coating layer 31, provided on a surface 30 of second 
meltable layer 29. Each of the above-mentioned individual layers of 
the heat transfer materials of the present invention are described 
10 below. 

The interior meltable layer of the heat transfer material of the 
present invention may comprise any material capable of melting and 
conforming to the surface of a substrate to be coated. Desirably, the 
interior meltable layer has a melt flow index of less than about 500 and 
15 a melting temperature and /or a softening temperature of less than 

about 400°F. As used herein, "melting temperature" and "softening 
temperature" are used to refer to the temperature at which the 
meltable layer melts and /or flows under conditions of shear. More 
desirably, the interior meltable layer has a melt flow index of from 
20 about 0.5 to about 100, and a softening temperature of from about 

150°F to about 300°F. Even more desirably, the interior meltable layer 
has a melt flow index of from about 2 to about 50, and a softening 
temperature of from about 200°F to about 250°F. 

Since the interior meltable layer is not transferred to the coated 
25 substrate, the composition and thickness of the interior meltable layer 

may vary considerably, as long as the layer is meltable and 
conformable. The interior meltable layer may comprise one or more 
thermoplastic polymers including, but not limited to, polyolefins and 
ethylene-containing homopolymers and copolymers. In addition to 
30 the thermoplastic polymer(s), other materials may be added to the 

interior meltable layer to provide improved melt flow properties, such 
as plasticizers in solid or liquid form. Further, other materials may be 
added to improve the coating characteristics in liquid carriers including, 
but not limited to, surfactants and viscosity modifiers. Desirably, the 
35 interior meltable layer comprises up to about 5 wt% of one or more 

additives, based on the total weight of the dry interior meltable layer. 
Suitable surfactants include, but are not limited to, an ethoxylated 
alcohol surfactant available from Union Carbide (Danbury, CT) under 
the tradename TERGITOL® 15-S40, and a nonionic surfactant available 
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® 

from Union Carbide under the tradename TRITON X100. Suitable 

viscosity modifiers include, but are not limited to, polyethylene oxide 

® 

available from Union Carbide under the tradename POLYOX N60K 
and methylcellulose. 

5 In an alternative embodiment of the present invention, the 

interior meltable layer may be in the form of a melt-extruded film. 
The extruded film may comprise one or more of the above-described 
materials having the desired meltability and conformability properties. 

In one embodiment of the present invention, the interior meltable 

® 

10 layer comprises an extruded film of ELVAX 3200, a wax modified 

ethylene-vinyl acetate copolymer having a melt index of 30 available 

from DuPont (Wilmington, DE); an extruded film of ENGAGE® 8200, a 
metallocene catalyzed, highly branched polyethylene having a melt 
index of 5 available from Dow Chemical Company (Midland, MI); or a 

15 combination of the ELVAX® 3200 or ENGAGE® 8200 material with 

one or more co-extruded layers. In a further embodiment of the 
present invention, the interior meltable layer comprises a co-extruded 
film having a layer of ELVAX® 3200 and a layer of SURLYN® 1702, an 
ethylene-methacrylic acid ionomer having a melt index of 15, also 

20 available from DuPont. 

The interior meltable layer of the heat transfer material of the 
present invention may have a layer thickness, which varies 
considerably depending upon a number of factors including, but not 
limited to, the substrate to be coated, the press temperature, and the 

25 press time. Desirably, the interior meltable layer has a thickness of less 

than about 5 mil. (0.13 mm). More desirably, the interior meltable 
layer has a thickness of from about 0-5 mil. to about 4.0 mil. Even 
more desirably, the interior meltable layer has a thickness of from 
about 1.0 mil. to about 2.0 mil. 

30 In addition to the interior meltable layer, the heat transfer 

material of the present invention comprises a release coating layer. 
The release coating layer separates the transferable material of the heat 
transfer sheet from the non-transferable material of the heat transfer 
sheet. Like the interior meltable layer, the release coating layer does 

35 not transfer to a coated substrate. Consequently, the release coating 

layer may comprise any material having release characteristics, which 
is also conformable when heated. Desirably, the release coating layer 
does not melt or become tacky when heated, and provides release of 
an image-bearing coating during a hot or cold peelable transfer 

6 
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process. The release coating layer may be adjacent to a surface of the 
interior meltable layer or may be separated from the interior meltable 
layer by one or more layers. 

A number of release coating layers are known to those of 
5 ordinary skill in the art, any of which may be used in the present 

invention. Typically, the release coating layer comprises a cross-linked 
polymer having essentially no tack at transfer temperatures (e.g. 
177°C) and a glass transition temperature of at least about 0°C As 
used herein, the phrase "having essentially no tack at transfer 

10 temperatures'' means that the release coating layer does not stick to an 

overlaying layer to an extent sufficient to adversely affect the quality 
of the transferred image. Suitable polymers include, but are not 
limited to, silicone-containing polymers, acrylic polymers and 
poly(vinyl acetate). Further, other materials having a low surface 

15 energy, such as polysiloxanes and fluorocarbon polymers, may be 

used in the release coating layer, particularly in cold peel applications. 
Desirably, the release coating layer comprises a cross-linked silicone- 
containing polymer or a cross-linked acrylic polymer. Suitable silicone- , 
containing polymers include, but are not limited to> SYLOFF 7362, a 

20 silicone-containing polymer available from Dow Corning Corporation 

(Midland, MI). Suitable acrylic polymers include, but are not limited to, 
HYCAR 26672, an acrylic latex available from B.F. Goodrich, 
Cleveland, OH; MICHEM® Prime 4983, an ethylene-acrylic acid 
copolymer dispersion available from Michelman Chemical Company, 

25 Cincinnati, OH; HYCAR® 26684, an acrylic latex also available from 

B.F. Goodrich, Cleveland, OH; and RHOPLEX SP 100, an acrylic latex 
available from Rohm & Haas, Philadelphia, PA. 

The release coating layer may further contain additives 
including, but not limited to, a cross-linking agent, a release-modifying 

30 additive, a curing agent, a surfactant and a viscosity-modifying agent. 

Suitable cross-linking agents include, but are not limited to, XAMA7, an 

aziridine cross-linker available from B.F. Goodrich. Suitable release- 

® 

modifying additives include, but are not limited to, SYL-OFF 7210, a 

release modifier available from Dow Coming Corporation. Suitable 

® 

35 curing agents include, but are not limited to, SYL-OFF 7367, a curing 

agent available from Dow Corning Corporation. Suitable surfactants 
include, but are not limited to, TERGITOL 15-S40, available from 
Union Carbide; TRITON® X100, available from Union Carbide; and 
Silicone Surfactant 190, available from Dow Corning Corporation. In 

7 
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addition to acting as a surfactant, Silicone Surfactant 190 also functions 
as a release modifier, providing improved release characteristics, 
particularly in cold peel applications. 

The release coating layer may have a layer thickness, which 
varies considerably depending upon a number of factors including, but 
not limited to, the substrate to be coated, the thickness of the interior 
meltable layer, the press temperature, and the press time. Desirably, 
the release coating layer has a thickness, which does not restrict the 
flow of the interior meltable layer and, which provides a continuous 
physical barrier between the transferable material and the non- 
transferable material of the heat transfer sheet. Typically, the release 
coating layer has a thickness of less than about 1 mil. (26 microns). 
More desirably, the release coating layer has a thickness of from about 
0.05 mil. to about 0.5 mil. Even more desirably, the release coating 
layer has a thickness of from about 0.08 mil. to about 0.33 mil. 

The thickness of the release coating layer may also be described 
in term of a basis weight. Desirably, the release coating layer has a 
basis weight of less than about 6 lb./ 144 yd (22.5 gsm). More 
desirably, the release coating layer has a basis weight of from about 3.0 
lb./144 yd 2 (11.3 gsm) to about 0.3 lb./144 yd 2 (1.1 gsm). Even more 
desirably, the release coating layer has a basis weight of from about 2.0 
lb./144 yd 2 (7.5 gsm) to about 0.5 lb./144 yd 2 (1.9 gsm): 

The heat transfer material of the present invention further 
comprises a surface meltable (or print coating) layer. Like the interior 
meltable layer, the surface meltable layer is capable of melting and 
conforming to the surface of a substrate to be coated. In addition, the 
surface meltable layer provides a print surface for the heat transfer 
sheet and is formulated to minimize feathering of a printed image and 
bleeding or loss of the image when the transferred image is exposed to 
water. The surface meltable layer is adapted to be printable by any 
method of printing including, but not limited to, ink jet printing, laser 
color copying, offset printing or other imaging methods. In some 
embodiments of the present invention, the surface meltable layer is 
adapted to be printable by an ink jet printer. In other embodiments, 
the surface meltable layer is adapted to be printable by color laser 
copiers. In still other embodiments, the surface meltable layer is 
adapted to be printable by thermal ribbon printers. Further, the 
surface meltable layer is capable of adhering directly to a given 
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substrate, such as a T-shirt, or indirectly to the substrate via additional 
intermediate layers to insure good image washability. 

Although the melt flow properties of the surface meltable layer 
are not critical to the present invention, it is desirable for the surface 
meltable layer to have a high melt flow index and a low softening 
point. Desirably, the surface meltable layer has a melt flow index of 
more than about 10, and a softening temperature of less than about 
350°F. More desirably, the surface meltable layer has a melt flow index 
of from about 20 to about 20,000, and a softening temperature of from 
about 150°F to about 300°F. Even more desirably, the surface meltable 
layer has a melt flow index of from about 30 to about 10,000, and a 
softening temperature of from about 200°F to about 250°F. 

The surface meltable layer of the heat transfer sheet of the 
present invention may include one or more components including, but 
not limited to, particulate thermoplastic materials, film-forming 
binders, a cationic polymer, a humectant, cyclohexane dimethanol 
dibenzoate, ink viscosity modifiers, weak acids, surfactants, a 
dispersent, a plasticizer, and a buffering agent. Each component of the 
surface meltable layer provides a particular feature to the printable 
layer. 

The. surface meltable layer may contain one or more 
thermoplastic particles. Desirably, the particles have a largest 
dimension of less than about 50 micrometers. More desirably, the 
particles have a largest dimension of less than about 20 micrometers. 
Suitable powdered thermoplastic polymers include, but are not limited 
to, polyolefins, polyesters, polyamides, and ethylene-vinyl acetate 
copolymers. In one embodiment of the present invention, the surface 
meltable layer contains thermoplastic particles in the form of 
micronized high density polyethylene powder available from 
Micropowders, Inc., Scarsdale, NY under the tradenames MPP635VF 
and MPP635G; co-polyamide 6-12 particles having an average particle 
size of 10 microns available from Elf Atochem, Paris, France under the 
tradename ORGASOL® 3501 EXDNAT 1; polyester powder available 
from Image Polymers Inc., Wilmington, MA under the tradename 
ALMACRYL® P-501; or a combination thereof. 

The surface meltable layer may also contain one or more film- 
forming binders. Desirably, the one or more film-forming binders are 
present in an amount of from about 10 to about 100 weight percent, 
based on the weight of the thermoplastic polymer. More desirably, 
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the amount of binder is from about 10 to about 50 weight percent. 
Suitable binders include, but are not limited to, polyacrylates, 
polyethylenes, ethylene-acrylic acid copolymers, and ethylene-vinyl 
acetate copolymers. Desirably, the binders are heat-sof tenable at 
temperatures of less than or about 350°F. In one embodiment of the 
present invention, the surface meltable layer contains one or more 
film-forming binders in the form of an ethylene-acrylic acid copolymer 
dispersion available from Michelman, Chemical Company, Cincinnati, 
OH under the tradename MICHEM Prime 4983; a similar ethylene- 
acrylic acid copolymer dispersion also available from Michelman, 
Chemical Company, Cincinnati, OH under the tradename MICHEM 
Prime 4990; another ethylene-acrylic acid copolymer dispersion also 
available from Michelman, Chemical Company, Cincinnati, OH under 
the tradename MICHEM Prime 4990R; or an ethylene-vinyl acetate 
copolymer binder available from Air Products, Allentown, PA under 

the tradename AIRFLEX® 540. 

Further, the surface meltable layer may comprise a cationic 
polymer. In some instances, the cationic polymer enhances the 
retention of print on the surface of the surface meltable layer, 
particularly in the case of ink jet ink. Desirably, the cationic polymer is 
present in an amount from about 2 to about 20 weight percent, based 
on the weight of the thermoplastic polymer. Suitable cationic 
polymers include, but are not limited to, an amide-epichlorohydrin 
polymer, polyacrylamides with cationic functional groups, 
polyethyleneimines, and polydiallylamines. In one embodiment of the 
present invention, the surface meltable layer contains a cationic 
polymer in the form of a poly(N,N-dimethylethylamino methacrylate), 
quaternized with methyl chloride, available from Allied Colloids as a 
water solution under the tradename ALCOSTAT 567 or a 
poly(diallyldimethyl)ammonium chloride, also available from Allied 

Colloids as a water solution under the tradename ALCOSTAT 167. 

The surface meltable layer of the heat transfer sheet may also 
contain one or more of the following: a surfactant and a viscosity 
modifier. Suitable surfactants include anionic, nonionic, or cationic 
surfactants. Desirably, the surfactant is a nonionic or cationic 
surfactant, such as those described above. Examples of anionic 
surfactants include, but are not limited to, linear and branched-chain 
sodium alkylbenzenesulfonates, linear and branched-chain alkyl 
sulfates, and linear and branched-chain alkyl ethoxy sulfates. Cationic 

10 
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surfactants include, but are not limited to, tallow trimethylammonium 
chloride. More desirably, the surfactant is a nonionic surfactant. 
Examples of nonionic surfactants include, but are not limited to, alkyl 
polyethoxylates, polyethoxylated alkylphenols, fatty acid ethanol 
5 amides, complex polymers of ethylene oxide, propylene oxide, and 

alcohols, and polysiloxane polyethers. Suitable viscosity modifiers 

include, but are not limited to, a polyethylene oxide thickener available 

® 

from Union Carbide under the tradename POLYOX N60K; 
methylcellulose available from Dow Chemical under the tradename 

10 METHOCEL® A-15; and hydroxypropylcellulose available from 

® 

Hercules (Wilmington, DE) under the tradename KLUCEL L. 

In one embodiment of the present invention, the surface 
meltable layer comprises one or more of the above-described 
components and cyclohexane dimethanol dibenzoate. The amount of 

15 cyclohexane dimethanol dibenzoate in the surface meltable layer may 

vary depending on the overall coating composition. Desirably, the 
amount of cyclohexane dimethanol dibenzoate in the surface meltable 
layer is up to about 50 wt% based on the total weight percent of the 
dry coating layer. More desirably, the amount of cyclohexane 

20 dimethanol dibenzoate in the surface meltable layer is from about 10 

wt% to about 30 wt% based on the total weight percent of the dry 
coating layer. Even more desirably, the amount of cyclohexane 
dimethanol dibenzoate in the surface meltable layer is from about 15 
wt% to about 25 wt% based on the total weight percent of the dry 

25 coating layer. 

In a further embodiment of the present invention, the surface 
meltable layer comprises a dispersent and/or a buffering agent. 
Suitable dispersents for the surface meltable layer of the present 
invention include, but are not limited to, KLUCEL® L; TRITON® X100; 

30 TAMOL® 731, available from Rohm & Haas; TERGITOL® 15-S40, 

available from Union Carbide. Suitable buffering agents for the 
surface meltable layer of the present invention include, but are not 
limited to, sodium carbonate. 

The surface meltable layer of the heat transfer material of the 

35 present invention may have a layer thickness, which varies 

considerably depending upon a number of factors including, but not 
limited to, the substrate to be coated, the thickness of the interior 
meltable layer, the thickness of the release coating layer, the press 
temperature, and the press time. Desirably, the surface meltable layer 

11 
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has a thickness of less than about 2 mil. (52 microns). More desirably, 

the surface meltable layer has a thickness of from about 0.5 mil. to 

about 1.5 mil. Even more desirably, the surface meltable layer has a 

thickness of from about 0.7 mil. to about 1.5 mil. 

5 The thickness of the surface meltable layer may also be 

described in term of a basis weight. Desirably, the surface meltable 

2 

layer has a basis weight of less than about 12 lb./ 144 yd (48 gsm). 
More desirably, the surface meltable layer has a basis weight of from 
about 8.0 lb./144 yd 2 (30.2 gsm) to about 2.0 lb./144 yd 2 (7.5 gsm). 
10 Even more desirably, the surface meltable layer has a basis weight of 

from about 8.0 lb./144 yd 2 (30.2 gsm) to about 3.0 lb./144 yd 2 (11.2 
gsm). 

In addition to the layers described above, the heat transfer sheet 
of the present invention may comprise a base substrate. Suitable base 

15 substrates include, but are not limited to, cellulosic nonwoven webs 

and polymeric films. A number of suitable base substrates are 
disclosed in U.S. Patents Nos. 5,242,739; 5,501,902; and 5,798,179; the 
entirety of which are incorporated herein by reference. Desirably, the 
base substrate comprises paper. A number of different types of paper ' 

20 are suitable for the present invention including, but not limited to, 

common litho label paper, bond paper, and latex saturated papers. 

The heat transfer material of the present invention may further 
comprise a sub-coating layer. The sub-coating layer may be positioned 
next to or separate from the surface meltable layer. Desirably, the sub- 

25 coating layer is directly above the release coating layer, so as to 

provide a desired amount of adhesion between the release coating 
layer and an overlaying layer, such as the surface meltable layer. The 
sub-coating layer provides an adequate amount of adhesion for 
manufacture, sheeting, handling, and printing of the heat transfer 

30 material, yet low enough adhesion for easy release after transfer. The 

sub-coating layer also provides protection to the surface meltable 
layer, which improves the washability of the transferred coating. A 
number of sub-coating layers are known to those of ordinary skill in 
the art, any of which may be used in the present invention. Suitable 

35 sub-coating layers for use in the present invention are disclosed in U.S. 

Patent No. 5,798,179, the entirety of which is incorporated herein by 
reference. 

In one embodiment of the present invention, the sub-coating 
layer of the heat transfer material comprises at least one film-forming 
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binder material. The sub-coating layer of the heat transfer material 
may further comprise one or more powdered thermoplastic polymers. 
Suitable film-forming binder materials and powdered thermoplastic 
polymers include, but are not limited to, those described above. 
Desirably, the film-forming binder material is ethylene-acrylic acid 
copolymer dispersion available from Michelman, Chemical Company, 
Cincinnati, OH under the tradename MICHEM Prime 4990 or an 
acrylic latex available from B.F. Goodrich, Cleveland, OH under the 
tradename HYCAR® 26684. Desirably, the thermoplastic polymer 
particles are co-polyamide 6-12 particles having an average particle size 
of 10 microns available from Elf Atochem, Paris, France under the 
tradename ORGASOL® 3501 EXDNAT 1; micronized high density 
polyethylene powder available from Micropowders, Inc., Scarsdale, 
NY under the tradename MPP635VF; polyester powder available from 
Image Polymers Inc., Wilmington, MA under the tradename 
ALMACRYL® P-501; or a combination thereof. More desirably, the 
thermoplastic' polymer particles are ORGASOL® 3501 EXDNAT 1 
particles. The sub-coating layer may include other additives such as 
those described above for the surface meltable layer. 

The thickness of the sub-coating layer may vary considerably 
depending upon the desired properties of the image-bearing transfer 
coating. Desirably, the sub-coating layer has a basis weight of less than 

about 6 lb./144 yd 2 (22.8 gsm). More desirably, the sub-coating layer 

2 

has a basis weight of from about 5.0 lb./ 144 yd (18.9 gsm) to about 
0.5 lb./144 yd 2 (1.9 gsm). Even more desirably, the sub-coating layer 
has a basis weight of from about 4.0 lb./144 yd 2 (15.1 gsm) to about 

1.0 lb./144 yd 2 (3.8 gsm). 

The heat transfer sheet of the present invention may further 
comprise a top coating layer to enhance absorption of ink jet inks and 
prevent feathering. The top coating layer may contain a wetting agent 
and an ink viscosity modifier. Desirably, the top coating layer 
comprises one or more cationic polymers. Suitable cationic polymers 
include, but are not limited to, poly(N,N-dimethylethylamino 
methacrylate), quarternized with methyl chloride, sold under the 
tradename, ALCOSTAT® 567 from Allied Colloids. Other materials 
may be added to the top coating layer including, but not limited to, 
plasticizers, surfactants, and viscosity modifiers. Suitable viscosity 
modifiers include, but are not limited to, polyethylene oxide available 
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from Union Carbide under the tradename POLYOX N60K, as well as, 
methylcellulose or hydroxyethyl cellulose. In one embodiment of the 

present invention, the heat transfer sheet includes a top coating layer 

® 

comprising a mixture of 2 parts by weight (pbw) of ALCOSTAT 567, 
5 2 pbw of POLYOX® N60K, and 1 pbw of KLUCEL® L. 

The thickness of the top coating layer may vary considerably 
depending upon a number of factors including, but not limited to, the 
desired properties of the image-bearing transfer coating, the type of 

print, and the printing means. Desirably, the top coating layer has a 

2 

10 basis weight of less than about 2 lb./144 yd (7.5 gsm). More 

desirably, the top coating layer has a basis weight of from about 1.0 

2 2 
lb./144 yd (3.8 gsm) to about 0.1 lb./144 yd (0.4 gsm). Even more 

desirably, the top coating layer has a basis weight of from about 0.75 
lb./144 yd 2 (2.8 gsm) to about 0.25 lb./144 yd 2 (0.9 gsm). 

15 The image-bearing coating of the heat transfer sheet, 

comprising one or more of the above-described coating layers, may be 
transferred to an article of clothing, or other porous substrate, by 
applying heat and pressure to the coating. Desirably, the image- 
bearing coating of the heat transfer sheet melts and penetrates into the 

20 interstices of the substrate, as opposed to merely coating the substrate 

surface. In order to penetrate into a fabric, the combined thickness of 
the sub-coating layer, surface meltable layer, and top coating layer, 
when present, is desirably greater than about 1.0 mil. More desirably, 
the combined thickness of the sub-coating layer, surface meltable 

25 layer, and top coating layer is about 1.5 to about 3 mils. 

In the present invention, the first meltable layer also conforms 
to the surface of the fabric, or other substrate, which may have an 
irregular (not flat) surface. This further enhances the penetration of 
the second meltable layer into low areas of the material. However, 

30 since only the second meltable layer transfers, a minimal amount of 

polymer may be left on the surface of the fabric. Since the yarns of the 
fabric are free from excess polymer, which forms polymer bridges and 
fills the valleys between adjacent yarns, the fabric feel and stretch are 
much improved over conventionally transfer-coated fabrics. 

35 The amount of polymer actually transferred to the fabric or 

substrate may be as little as about 10 grains per square meter (gsm), as 
opposed to conventional amounts in the range of about 50 gsm. 
Desirably, the basis weight of the image-bearing coating is less than 
about 40 gsm. More desirably, the basis weight of the image-bearing 
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coating is less than about 30 gsm. Even more desirably, the basis 
weight of the image-bearing coating is less than about 20 gsm. 

The present invention is also directed to a method of making a 
printable heat transfer material. The method comprises forming a first 
5 or interior meltable layer, applying a release coating layer onto the 

interior meltable layer, and applying a second or surface meltable 
coating onto the release coating layer. In one embodiment of the 
present invention, one or more of the above-described coating 
compositions are applied to the interior meltable layer by known 

10 coating techniques, such as by solution, roll, blade, and air-knife 

coating procedures. Each individual coating may be subsequently 
dried by any drying means known to those of ordinary skill in the art. 
Suitable drying means include, but are not limited to, steam-heated 
drums, air impingement, radiant heating, or a combination thereof. In 

15 an alternative embodiment, one or more of the above-described layers 

may be extrusion coated onto the surface of the interior meltable layer 
or a coating thereon. Any extrusion coating techniques, well known to 
those of ordinary skill in the art, may be used in the present invention. 
In one embodiment of the present invention, a corona discharge 

20 process may be used to enhance the adhesion ibetween the interior 

meltable layer and the release coating, applied to the interior meltable 
layer. Corona discharge methods are well known in the art. Suitable 
apparatus for performing the corona discharge step include, but are 
not limited to, treaters available from Enercon Industries, Corporation, 

25 Menomonee Falls, WL Desirably, the corona discharge step used in 

the present invention applies an amount of treatment to the interior 
meltable layer to produce a surface tension of greater than about 40 
dynes. In some cases, the corona discharge step produces an interior 
meltable layer having a surface tension of from about 40 to 50 dynes. 

30 It should be noted that a corona discharge treatment may be applied to 

other layers of the heat transfer sheet, although such treatments are 
not necessary. 

If desired, any of the foregoing coating layers may contain 
other materials, such as processing aids, release agents, pigments, 
35 deglossing agents, antifoam agents, and the like. The use of these and 

similar materials is well known to those having ordinary skill in the art. 

The present invention is further directed to a method of transfer 
coating a substrate using the above-described heat transfer material. 
The method comprises applying a sufficient amount of heat and 
40 pressure to the heat transfer material to melt the interior meltable 
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layer and the surface meltable layer of the heat transfer material, and 
removing the interior meltable layer and release layer from the coated 
substrate. Any known heating means may be used in the present 
invention including, but not limited to, a household iron and a 
5 commercial heating press. Heating temperature and press time may 

vary depending on a number of factors including, but not limited to, 
heating means, heating temperature, pressure applied, heat transfer 
sheet materials, and substrate structure. 

The heat transfer sheet of the present invention may be used in 

10 hot peelable transfer processes, as well as, cold peelable transfer 

processes. As used herein, the phrase "hot peelable transfer process" 
refers to a process wherein one or more meltable layers is still in a 
molten state when a non-transferable portion of a heat transfer sheet is 
removed. Such a process allows release of the heat transfer sheet via 

15 splitting of the meltable layer(s). As used herein, the phrase "cold 

peelable transfer process" refers to a process wherein a non- 
transferable portion of a heat transfer sheet is removed from a 
transferable portion of the heat transfer sheet after the heat transfer 
sheet has cooled below the softening temperature of the transferable 

20 portion. 

The present invention is further described by the examples 
which follow. Such examples, however, are not to be construed as 
limiting in any way either the spirit or scope of the present invention. 
In the examples, all parts are parts by weight unless stated otherwise. 

25 

EXAMPLES 

Multiple transfers were performed using a variety of heat 
transfer materials. Each heat transfer sheet contained one or more of 
the following layers: base substrate; internal meltable layer; release 

30 coating layer; surface meltable layer; sub-coating layer; and top coating 

layer. A detailed description of each layer follows. 

The coatings free of suspended particulate, such as some of the 
silicone release coatings, were made to the desired composition and 
dried to remove any solvent. Coatings containing suspended 

35 particulate were prepared using water as the dispersing medium. 

Water and /or solvent, if present in the coating, was removed by a 
drying step after applying the coating. Typically, drying took place for 
a period of about two minutes in a forced air oven at a temperature 
ranging from about 80°C to 110°C A lower temperature of about 

40 80°C was used to dry the ink jet print coatings. However, it should be 
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noted that any drying step may be used to remove water from the 
coating as long as the drying step does not negatively impact the 
coating. 

Coatings containing polymeric powders or plasticizers were 
5 dispersed by putting the coating through a colloid mill and/or Cowles 

mixer. 



Base Substrates 
BPl 

9 

10 BPl was a 20 lb. (20 lb./144 yd ) bond paper from Neenah 

Paper, Roswell, GA, (a subsidiary of Kimberly-Clark Corporation) 
designated Avon Brilliant Classic Crest. The basis weight was 75 gsm 
and the thickness was 4 mils. 



15 BP2 

2 

BP2 was a 20 lb. (20 lb./144 yd ) paper impregnated with a 
saturant comprising 100 dry parts AIRVOL®107 (polyvinyl alcohol 
from Air Products), 50 dry parts titanium dioxide, and 4 dry parts of a 
sizing agent, SUNSIZE® 137 (stearated melamine resin from Sequa 
20 Chemical, Chester, SC). The mixture was applied at about 12.5% total 

solids content in water. The saturant pickup was 15 parts per 100 parts 
fiber weight. 

i 

BP3 

25 BP3 was a 22.5 lb. (22.5 lb./144 yd ) litho label paper having a 

clay print coating on the backside. The paper was available from 
Interlake Paper Company, Wisconsin Rapids, WI, under the tradename 
REPAP® 9365. 



30 BP4 

2 

BP4 was a 13 lb. (13 lb./144 yd ) base paper impregnated with 
an acrylic saturant comprising HYCAR 26083, a soft acrylic latex 
(available from B.F. Goodrich, Cleveland, OH). The saturant pickup 
was 30 parts per 100 parts paper weight to yield a total weight of 16.9 

35 lb. /144 yd 2 . 

BPS 

BP5 was a 15.2 lb. (15.2 lb./144 yd ) base paper impregnated 
with an acrylic saturant comprising HYCAR 26083. A frontside of the 
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2 

impregnated paper was coated with a 4.0 lb./144 yd coating 
comprising 100 parts of ULTRA WHITE® 90 clay (available from 
Englehard, Iselin, NJ) and 35 parts HYCAR® 26084 acrylic latex 

(available from B.F. Goodrich, Cleveland, OH). A backside of the 

2 

5 impregnated paper was coated with a 5.5 lb./ 144 yd coating 

comprising 100 parts ULTRA WHITE® 90 clay and 24 parts RHOPLEX® 
HA16 acrylic binder (available from Rohm & Haas Company, 
Philadelphia, PA). 

10 BP6 

2 

BP6 was a 24 lb. (24 lb./144 yd ) Neenah Avon Brilliant Classic 
Crest calendered to a thickness of 4.5 mils, available from Neenah 
Paper. 

15 BPZ 

2 

BP7 was a 24 lb. (24 lb./144 yd ) Neenah Avon Brilliant Classic 
Crest calendered to a thickness of 3.5 mils. 

Internal Meltable (Base Coating) Layers* 
20 BC1 

® 

BC1 was a film comprising NUCREL 599, an ethylene- 
methacrylic acid co-polymer having a melt index of 500, available from 
Dupont. The film had a thickness of 1.8 mil. 

25 BC2 

® 

BC2 was a film comprising a 50/50 blend of NUCREL 599 and 

® 

BYNEL 1124, an ethylene-vinylacetate-acid co-polymer having a melt 
index of 30, available from DuPont. The film had a thickness of 1.8 mil. 

30 BC3 

® 

BC3 was a co-extruded film comprising a layer of ELVAX 3200 

(a wax modified EVA copolymer having a melt index of 30, available 

® 

from DuPont) having a thickness of 1.2 mil., and a layer of SURLYN 
1702 (an ethylene-methacrylic acid ionomer having a melt index of 15, 
35 also available from DuPont) having a thickness of 0.6 mil. 
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BC4 

® 

BC4 was an extruded film comprising ELVAX 3200 and having 
a thickness of 1.8 mil. 



10 



15 



BC5 

® 

BC5 was an extruded film comprising ENGAGE 8200, a 
metallocene catalyzed, highly branched, polyethylene, available from 
Dow Chemical Company (Midland, MI). The film had a thickness of 
1.8 mil and a melt flow index of 5. 



Release Coating Layers * 

All of the release coatings were applied to a substrate using a 
Meyer rod technique and dried in a forced air oven at about 225°F 
(107°C). 

RC1 

Release coating RC1 was a mixture of the following 
components: 

20 SANCOR® 776 100 dry parts 

XAMA7 : 5 dry parts 

SANCOR 776 is a polyurethane emulsion available from B.F. 
Goodrich, Cleveland, OH. 
25 XAMA7 is an aziridine cross-linker available from B.F. Goodrich. 

The ingredients were mixed and applied to provide a dry 

2 

coating weight of 1.5 lb./ 144 yd or about 5.7 gsm. 
30 RC2 

Release coating RC2 was identical to RC1 except that the release 
coating was applied to provide a dry coating weight of 0.6 lb./ 144 yd 
or about 2.3 gsm. 

35 RC3 

Release coating RC3 was a mixture of the following 
components: 

SANCOR 815 100 dry parts 

19 



WO 01/03941 PCT/USOO/40363 

XAMA7 5 dry parts 

SANCOR® 815 is a hard polyurethane emulsion available from 
B.F. Goodrich, Cleveland, OH. 

5 

The ingredients were mixed and applied to provide a dry 

2 

coating weight of 0.6 lb./ 144 yd or about 2.3 gsm. 
RC4 

10 Release coating RC4 was a mixture of the following 

components: 

SYL-OFF 7362 100 dry parts 

SYL-OFF 7210 0.2 dry parts 

1 5 SYL-OFF® 7367 0.3 dry parts 

(r) 

SYL-OFF 7362 is a silicone polymer available from Dow 
Corning Corporation (Midland, MI). 

(R) 

SYL-OFF 7210 is a release modifier available from Dow 

20 Corning Corporation. 

(r^ 

SYL-OFF 7367 is a curing agent available from Dow Corning 
Corporation. 

The ingredients were dissolved in toluene at 16 wt% total solids 

25 content. The release coating was applied to provide a dry coating 

2 

weight of 0.35 lb./144 yd or about 1.3 gsm. 
RC5 

Release coating RC5 was identical to RC4 except that the release 
30 coating was applied to provide a dry coating weight of 0.7 lb./ 144 yd 

or about 2.6 gsm. 

RC6 

Release coating RC6 was a mixture of the following 
35 components: 

SYL-OFF 7362 100 dry parts 

SYL-OFF® 7210 18.8 dry parts 
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0.9 dry parts 



10 



The ingredients were dissolved in toluene at 16 wt% total solids 

content. The release coating was applied to provide a dry coating 

2 

weight of 0.7 lb./ 144 yd or about 2.6 gsm. 
RC7 

Release coating RC7 was a mixture of the following 
components: 

SYL-OFF 7362 100 dry parts 

SYL-OFF® 7210 31 .2 dry parts 

SYL-OFF® 7367 1 .9 dry parts 

15 The ingredients were dissolved in toluene at 16 wt% total solids 

content. The release coating was applied to provide a dry coating 

2 

weight of 0.35 lb. /144 yd or about 1.3 gsm. 
RC8 

20 Release coating RC8 was identical to RC7 except that the release 

coating was applied to provide a dry coating weight of 0.7 lb./144 yd 
or about 2.6 gsm. 

RC9 

25 Release coating RC9 was identical to RC7 except that the release 

coating was applied to provide a dry coating weight of 1.0 lb./ 144 yd 
or about 3.8 gsm. 

RC10 

30 Release coating RC10 was a mixture of the following 

components: 

HYCAR® 26672 100 dry parts 

CELITE® 263 30 dry parts 

35 NOPCOTE® C-104 25 dry parts 

Silicone Surfactant 190 10 dry parts 

XAMA7 10 dry parts 

TRITON X100 3 dry parts 
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ammonia 2 parts 

HYCAR 26672 is an acrylic latex available from B.F. Goodrich, 
Cleveland, OH. 

5 CELITE 263 is diatomaceous earth (de-glosser) available from 

Hydrite Chemical Company, Milwaukee, WL 

(R) 

NOPCOTE C-104 is a 50% solids emulsion of calcium stearate 
available from Henkel Corporation, Ambler, PA. 

Silicone Surfactant 190 is a release agent available from Dow 
10 Corning. 

(£) 

TRITON X100 is a nonionic surfactant available from Union 
Carbide. 

The ingredients were mixed to provide 33 wt% total dry solids 

15 content. The release coating was applied to provide a dry coating 

2 

weight of 1.5 lb./144 yd or about 5.7 gsm. 
RC11 

Release coating RC11 was identical to RC10 except that the 

20 CELITE® 263 was not present. The release coating was applied to 

2 

provide a dry coating weight of 0.3 lb./ 144 yd or about 1.1 gsm. 
RC12 

Release coating RC12 was identical to RC10 except that the 

25 CELITE® 263 and NOPCOTE® C-104 were not present. The release 

2 

coating was applied to provide a dry coating weight of 1.0 lb./ 144 yd 
or about 3.8 gsm. 



RC13 

30 Release coating RC13 was a mixture of the following 

components: 



HYCAR 26672 100 dry parts 

Silicone Surfactant 190 5 dry parts 
35 XAMA7 10 dry parts 

TRITON X100 3 dry parts 

ammonia 1 part 

POLYOX® N60K 1 part 
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POLYOX® N60K is a polyethylene oxide thickener available 
from Union Carbide, Danbury, CT. 

The ingredients were mixed to provide 33 wt% total dry solids 

content. The release coating was applied to provide a dry coating 

2 

weight of 1.0 lb./ 144 yd or about 3.8 gsm. 
RC14 

Release coating RC14 was identical to RC13 except that the 

release coating was applied to provide a dry coating weight of 0.5 
2 

lb./ 144 yd or about 1.9 gsm. 
RC15 

15 Release coating RC15 was identical to RC13 except that the 

Silicone Surfactant 190 was not present. The release coating was 

2 

applied to provide a dry coating weight of 1.0 lb./144 yd or about 3.8 
gsm. 

20 RC16 

Release coating RC16 was a mixture of the following 
components: 

MICHEM® Prime 4983 100 dry parts 

25 XAMA7 10 dry parts 

TRITON® X100 3 dry parts 

ammonia 2 parts 

MICHEM Prime 4983 is an ethylene-acrylic acid copolymer 
30 dispersion available from Michelman, Chemical Company, Cincinnati, 

OH. 

The ingredients were mixed to provide 33 wt% total dry solids 
content. The release coating was applied to provide a dry coating 
35 weight of 1.0 lb./144 yd 2 or about 3.8 gsm. 
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RC17 

Release coating RC17 was a mixture of the following 
components: 

5 HYCAR® 26684 100 dry parts 

TRITON® X100 10 dry parts 

ammonia 1 P ar * 

HYCAR 26684 is an acrylic latex available from B.F. Goodrich, 
10 Cleveland, OH. 

The ingredients were mixed with water to provide 25 wt% total 

solids content. The release coating was applied to provide a dry 

2 

coating weight of 1.0 lb./ 144 yd or about 3.8 gsm. 

15 

RC18 

Release coating RC18 was identical to RC12 except that the 

release coating was applied to provide a dry coating weight of 0.6 
2 

lb./ 144 yd or about 2.3 gsm. 

20 

RC19 

Release coating RC19 was a mixture of the following 
components: 

25 Q2-5211 0.2 dry parts 

RHOPLEX® SP-100 200 dry parts 

CARBOWAX® 8000 S.S. 20 dry parts 
Silicone Surfactant 190 4 dry parts 

XAMA7 10 dry parts 

30 ammonia 1.1 parts 

Q2-5211 is a surfactant available from Dow Corning, Midland, 

MI. 

RHOPLEX SP-100 is an acrylic latex available from Rohm & 
35 Haas, Philadelphia, PA. 

CARBOWAX 8000 is a polyethylene oxide available from 
Union Carbide, Danbury, CT. 
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The ingredients were mixed to provide 27.0 wt% total dry solids 

content. The pH was adjusted to within a range of 9 to 10. The 

XAMA7 was added to the mixture just prior to the coating process. 

The release coating was applied to provide a dry coating weight of 2.0 
2 

5 lb. /144 yd or about 7.5 gsm. 

Print Coating (Surface Meltable) Layers - Thermal Wax Ribbon Printers 

The following surface meltable coatings were used with 
Thermal Wax Ribbon printers. Each coating was applied using a 
10 Meyer rod technique and dried in a forced air oven at about 200°F 

(93°C). The particular Meyer rod used for a given coating (i.e., the 
Meyer rod number, such as number 6) was selected according to the 
desired basis weight of the final coating. 

15 FCT1 

Surface meltable coating PCT1 was a mixture of the following 
components: 

MPP635VF micropowder 100 dry parts 

20 TRITON® X100 3 dry parts 

MICHEM® Prime 4983 50 dry parts 

MPP635VF micropowder is a micronized high density 
polyethylene powder available from Micropowders, Inc., Scarsdale, 
25 NY, having an average particle size of 6 microns. 

The mixture was dispersed in a Colloid mill. The total solids 

content was 37 wt% total dry solids in water. The surface meltable 

2 

coating was applied to provide a dry coating weight of 2.0 lb./ 144 yd 
30 or about 7.5 gsm. 

PCT2 

Surface meltable coating PCT2 was identical to PCT1 except that 
the surface meltable coating was applied to provide a dry coating 
35 weight of 3.0 lb./144 yd or about 11.3 gsm. 




WO 01/03941 



PCT7US00/40363 



PCT3 

Surface meltable coating PCT3 was identical to PCT1 except that 
the surface meltable coating was applied to provide a dry coating 
weight of 4.0 lb./144 yd or about 15.1 gsm. 

PCT4 

Surface meltable coating PCT4 was a mixture of the following 
components: 



10 MPP635VF micropowder 100 dry parts 

TRITON® X100 3 dry parts 

MICHEM Prime 4983 100 dry parts 



The mixture was dispersed in a Colloid mill. The total solids 

15 content was 30 wt% total dry solids in water. The surface meltable 

2 

coating was applied to provide a dry coating weight of 3.0 lb./ 144 yd 
or about 11.3 gsm. 

PCT5 

20 Surface meltable coating PCT5 was identical to PCT4 except that 

the surface meltable coating was applied to provide a dry coating 

2 

weight of 4.0 lb./ 144 yd or about 15.1 gsm. 
PCT6 

25 Surface meltable coating PCT6 was a mixture of the following 

components: 

MPP635G micropowder 100 dry parts 

TRITON X100 3 dry parts 

30 MICHEM Prime 4983 200 dry parts 



MPP635G micropowder is a micronized high density 
polyethylene powder having an average particle size of 12 microns, 
available from Micropowders, Inc., Scarsdale, NY. 

35 

The mixture was dispersed in a Colloid mill. The total solids 

content was 25 wt% total dry solids in water. The surface meltable 

2 

coating was applied to provide a dry coating weight of 3.0 lb./ 144 yd 
or about 11.3 gsm. 
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PCT7 

Surface meltable coating PCT7 was identical to PCT6 except that 

the surface meltable coating was applied to provide a dry coating 

2 

weight of 4.0 lb./144 yd or about 15.1 gsm. 
PCT8 

Surface meltable coating PCT8 was a mixture of the following 
components: 

MICHEM® Prime 4990 100 dry parts 

ORGASOL® 3501 EXDNAT 1 40 dry parts 

BENZOFLEX 352 20 dry parts 

MPP635VF micropowder 20 dry parts 

15 TRITON® X100 3 dry parts 

MICHEM Prime 4990 is an ethylene-acrylic acid copolymer 
dispersion available from Michelman, Chemical Company, Cincinnati, 
OH. 

20 ORGASOL 3501 EXDNAT 1 is a 10 micron average particle size 

co-polyamide 6-12 available from Elf Atochem, Paris, France. 

(JO 

BENZOFLEX 352 is a cyclohexane dimethanol dibenzoate 
powder available from VELSICOL® Chemical Corporation, Rosemont, 



25 



IL. 



The BENZOFLEX 352 powder was ground to an average 

particle size of about 8 microns by Powdersize, Inc., Quakertown, PA. 

The mixture was dispersed in a Colloid mill. The total solids content 

was 30 wt% total dry solids in water. The surface meltable coating was 

2 

30 applied to provide a dry coating weight of 3.0 lb./144 yd or about 

11.3 gsm. 

PCT9 

Surface meltable coating PCT9 was identical to PCT8 except that 

35 the surface meltable coating was applied to provide a dry coating 

2 

weight of 4.0 lb./144 yd or about 15.1 gsm. 
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Print Coating (Surface Meltable) Layers - Laser Copiers 

The following surface meltable coatings were used with Laser 
copiers. Each coating was applied using a Meyer rod technique and 
dried in a forced air oven at about 200°F (93°C). 

5 

LCP1 

Surface meltable coating LCP1 was identical to PCT8. 

LCP2 

10 Surface meltable coating LCP2 was identical to PCT9. 

LCP3 

Surface meltable coating LCP3 was identical to PCT8 except that 

the surface meltable coating was applied to provide a dry coating 

2 

15 weight of 2.0 lb./144 yd or about 7.5 gsm. 

LCP4 

Surface meltable coating LCP4 was identical to PCT4. 

20 LCP5 

Surface meltable coating LCP5 was a mixture of the following 
components: 

MICHEM® Prime 4990 100 dry parts 

25 ORGASOL® 3501 EXDNAT 1 100 dry parts 

TRITON® X100 5 dry parts 

The mixture was dispersed in a Colloid mill. The total solids 

content was 30 wt% total dry solids in water. The surface meltable 

2 

30 coating was applied to provide a dry coating weight of 2.5 lb./ 144 yd 

or about 9.4 gsm. 

LCP6 

Surface meltable coating LCP6 was a mixture of the following 
35 components: 

MICHEM® Prime 4990 100 dry parts 

ALMACRYL P-501 100 dry parts 

TRITON X100 3 dry parts 
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ALMACRYL P-501 is a powdered polyester available from 
Image Polymers Inc., Wilmington, MA. 

5 The mixture was dispersed in a Colloid mill. The total solids 

content was 30 wt% total dry solids in water. The surface meltable 

2 

coating was applied to provide a dry coating weight of 2.3 lb./144 yd 
or about 8.7 gsm. 

10 Print Coating (Surface Meltable) Layers - Ink Jet Printers 

The following surface meltable coatings were used with ink jet 
printers. Each coating was applied using a Meyer rod technique and 
dried in a forced air oven at about 180°F (82°C). 



15 PHI 

Ink jet print coating PIJ1 was a mixture of the following 
components: 

100 dry parts 

50 dry parts 

25 dry parts 

5 dry parts 
2 dry parts 

4 dry parts 

2 dry parts 

1 dry part 

ALCOSTAT® 567 is a poly(N,N-dimethylethylamino 
methacrylate), quaternized with methyl chloride, available from Allied 
30 Colloids (Suffolk, VA) as a water solution. 

METHOCEL A-15 is a methylcellulose available from Dow 
Chemical Company, Midland, MI. 



ORGASOL 3501 EXDNAT 1 
20 ALMACRYL P-501 

(3) 

MICHEM Prime 4990 

TERGITOL® 15-S40 
Sodium carbonate 

POLYOX®N60K 

25 ALCOSTAT® 567 

METHOCEL® A-15 



The mixture was dispersed in a Colloid mill. The total solids 

35 content was 30 wt% total dry solids in water. The print coating was 

2 

applied to provide a dry coating weight of 5.5 lb./ 144 yd or about 
20.7 gsm. 
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PIT2 

Ink jet print coating PIJ2 was a mixture of the following 
components: 



ORGASOL® 3501 EXDNAT 1 


100 dry parts 


MICHEM® Prime 4990 


25 dry parts 


TRITON® X100 


5 dry parts 


Sodium carbonate 


1 dry part 


POLYOX®N60K 


2 dry parts 



The mixture was dispersed in a Colloid mill. The total solids 

content was 30 wt% total dry solids in water. The print coating was 

2 

applied to provide a dry coating weight of 4.0 lb./ 144 yd or about 
15.1 gsm. 

PIT3 

Ink jet print coating PIJ3 was a mixture of the following 
components: 

100 dry parts 

45 dry parts 

5 dry parts 
1 dry part 

5 dry parts 

40 dry parts 

The BENZOFLEX® 352 powder was ground to an average 

particle size of about 8 microns by Powdersize, Inc. The mixture was 

dispersed in a Colloid mill. The total solids content was 30 wt% total 

dry solids in water. The print coating was applied to provide a dry 

2 

coating weight of 3.5 lb./144 yd or about 13.2 gsm. 

Ink jet print coating PIJ4 was identical to PIJ3 except that the ink 
jet print coating was applied to provide a dry coating weight of 5.0 
lb./144 yd 2 or about 18.9 gsm. 



ORGASOL 3501 EXDNAT 1 
MICHEM® Prime 4990 

TRITON X100 

Sodium carbonate 

® 

KLUCEL L 
BENZOFLEX® 352 
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pus 

Ink jet print coating PIJ5 was a mixture of the following 
components: 

ORGASOL® 3501 EXDNAT 1 100 dry parts 

AIRFLEX® 540 10 dry parts 

POLYOX® N60K 10 dry parts 

ALCOSTAT 167 5 dry parts 

TRITON® X100 5 dry parts 

AIRFLEX 540 is an ethylene-vinyl acetate copolymer binder 
available from Air Products, Allentown, PA. 

The mixture was dispersed in a Colloid mill. The total solids 

15 content was 17 wt% total dry solids in water. The print coating was 

2 

applied to provide a dry coating weight of 2.5 lb./144 yd or about 9.4 
gsm. 

PIT6 

20 Ink jet print coating PIJ6 was a mixture of the following 

components: 

ORGASOL® 3501 EXDNAT 1 100 dry parts 

AIRFLEX® 540 20 dry parts 

25 POLYOX® N60K 5 dry parts 

ALCOSTAT® 167 2.5 dry parts 

TRITON® X100 5 dry parts 

The mixture was dispersed in a Colloid mill. The total solids 

30 content was 23 wt% total dry solids in water. The print coating was 

2 

applied to provide a dry coating weight of 4.0 lb./ 144 yd or about 
15.1 gsm. 

PIT7 

35 Ink jet print coating PIJ7 was a mixture of the following 

components: 



ORGASOL 3501 EXDNAT 1 100 dry parts 
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MICHEM® Prime 4990 25 dry parts 

TRITON® X100 5 dry parts 

Sodium carbonate 1 dry part 

POLYOX® N60K 2 dry parts 

ALCOSTAT 167 3 dry parts 

The mixture was dispersed in a Colloid mill. The total solids 

content was 30 wt% total dry solids in water. The print coating was 

2 

applied to provide a dry coating weight of 5.0 lb./144 yd or about 
18.9 gsm. 



PJJ8 

Ink jet print coating PIJ8 was a mixture of the following 
components: 

ORGASOL® 3501 EXDNAT 1 100 dry parts 

MICHEM Prime 4990 45 dry parts 

TRITON X100 5 dry parts 

Sodium carbonate 1 dry part 

(R) 

KLUCEL L 5 dry parts 

BENZOFLEX 352 40 dry parts 



ALCOSTAT 167 3 dry parts 

(r) 

The BENZOFLEX 352 powder was ground to an average 

particle size of about 8 microns by Powdersize, Inc. The mixture was 

dispersed in a Colloid mill. The total solids content was 30 wt% total 

dry solids in water. The print coating was applied to provide a dry 

2 

coating weight of 5.0 lb./ 144 yd or about 18.9 gsm. 
PIT9 

Ink jet print coating PIJ9 was a mixture of the following 
components: 

GO 

ORGASOL 3501 EXDNAT 1 100 dry parts 

MICHEM® Prime 4990 25 dry parts 

TRITON X100 5 dry parts 
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POLYOX® N60K 2 dry parts 

ALCOSTAT® 167 5 dry parts 



The mixture was dispersed in a Colloid mill. The total solids 

5 content was about 25 wt% total dry solids in water. The print coating 

2 

was applied to provide a dry coating weight of 4.0 lb./ 144 yd or 
about 15.0 gsm. 



pmo 

10 Ink jet print coating PIJ10 was a mixture of the following 

components: 

ORGASOL® 3501 EXDNAT 1 
MICHEM® Prime 4990 
15 AIRFLEX® 540 

TRITON® X100 
POLYOX® N60K 
ALCOSTAT® 167 

20 The mixture was dispersed in a Colloid mill. The total solids 

content was about 25 wt% total dry solids in water. The print coating 

2 

was applied to provide a dry coating weight of 4.0 lb./ 144 yd or 
about 15.0 gsm. 



100 dry parts 
25 dry parts 
10 dry parts 
5 dry parts 

1 dry parts 

2 dry parts 



25 pmi 

Ink jet print coating PIJ11 was a mixture of the following 
components: 

TRITON X100 1 dry part 

30 BENZOFLEX 352 41 .2 dry parts 

KLUCEL® L 5 dry parts 

ORGASOL® 3501 EXDNAT 1 100 dry parts 

MICHEM® Prime 4990R 85 dry parts 

KLUCEL® L/ALCOSTAT® 167 8 dry parts 

35 ammonia 2 parts 
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KLUCEL® L is a hydroxypropyl cellulose available from 

Hercules, Wilmington, DE. 

(r) 

ALCOSTAT 167 is a poly(diallyidimethylammonium) chloride, 
available from Allied Colloids (Suffolk, VA) as a water solution. 

5 

® 

The BENZOFLEX 352 powder was ground to an average 
particle size of about 8 microns by Powdersize, Inc., Quakertown, PA. 

The first four components of the mixture were dispersed in a Cowles 

® 

dissolver for about 30 minutes. The MICHEM Prime 4990R and 
10 ammonia were then added. Lastly, the KLUCEL^ L/ALCOSTAT 167 

mixture was added. The KLUCEL® L/ALCOSTAT® 167 mixture 
comprised 1 dry part KLUCEL® L and 3 dry parts ALCOSTAT® 167. 

The total solids content of the coating was 23.8 wt% total dry 

solids in water. The surface meltable coating was applied to provide a 

2 

15 dry coating weight of 4.5 lb./144 yd or about 17.0 gsm. 

Sub-Coating Layers 

The following layers were used as sub-coating layers between a 
release layer and a print coating layer, particularly ink jet print coating 
20 layers. Each coating was applied using a Meyer rod technique and 

dried in a forced air oven at about 200°F (93°C). 



25 



SCI 

Sub-coating SCI was a mixture of the following components: 
MICHEM® Prime 4990 100 dry parts 

(5) 

TRITON X100 3 dry parts 



The total solids content was about 30 wt% total dry solids in 
30 water. The sub-coating was applied to provide a dry coating weight of 

1.9 lb./ 144 yd 2 or about 7.2 gsm. 
SC2 

Sub-coating SC2 was identical to LCP5. 

35 

SC3 

Sub-coating SC3 was identical to LCP6. 

34 
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SC4 

Sub-coating SC4 was a mixture of the following components: 

HYCAR® 26672 100 dry parts 

TERGITOL 15-S40 3 dry parts 

The total solids content was about 20 wt% total dry solids in 

water. The sub-coating was applied to provide a dry coating weight of 

2 

0.7 lb. / 144 yd or about 2.6 gsm. 
SC5 

Sub-coating SC5 was a mixture of the following components: 

HYCAR® 26672 50 dry parts 

15 MICHEM® Prime 4990 50 dry parts 

TERGITOL 15-S40 3 dry parts 

The total solids content was about 30 wt% total dry solids in 
water. The sub-coating was applied to provide a dry coating weight of 
20 1.8 lb./144 yd or about 6.8 gsm. 

SC6 

Sub-coating SC6 was a mixture of the following components: 
25 MICHEM® Prime 4983 100 dry parts 

The total solids content was about 25 wt% total dry solids in 
water. The sub-coating was applied to provide a dry coating weight of 



30 



2.0 lb./144 yd or about 7.5 gsm. 



SC7 

Sub-coating SC7 was identical to PCT8. 



SCg 

35 Sub-coating SC8 was a mixture of the following components: 

BENZOFLEX® 352 50 dry parts 

ORGASOL 3501 EXDNAT 1 25 dry parts 
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MICHEM® Prime 4990 35 dry parts 

® 

The BENZOFLEX 352 powder was ground to an average 

particle size of about 8 microns by Powdersize, Inc. The mixture was 

5 dispersed in a Colloid mill. The total solids content was about 30 wt% 

total dry solids in water. The sub-coating was applied to provide a dry 

2 

coating weight of 3.0 lb. / 144 yd or about 11.3 gsm. 
SC9 

10 Sub-coating SC9 was a mixture of the following components: 

BENZOFLEX® 352 70 dry parts 

MICHEM® Prime 4990 30 dry parts 

TRITON® X100 2.1 dry parts 

15 

® 

The BENZOFLEX 352 powder was ground to an average 

particle size of about 8 microns by Powdersize, Inc. The mixture was 

dispersed in a Colloid mill. The total solids content was about 30 wt% 

total dry solids in water. The sub-coating was applied to provide a dry 

2 

20 coating weight of 4.0 lb. /144 yd or about 15.1 gsm. 

SC10 

Sub-coating SC10 was a mixture of the following components: 

25 MICHEM® Prime 4990 100 dry parts 

ORGASOL® 3501 EXDNAT 1 40 dry parts 

TRITON® X100 2 dry parts 

The mixture was dispersed in a Colloid mill. The total solids 

30 content was about 30 wt% total dry solids in water. The sub-coating 

2 

was applied to provide a dry coating weight of 4.0 lb./ 144 yd or 
about 15.1 gsm. 

sen 

35 Sub-coating SC11 was a mixture of the following components: 

MICHEM® Prime 4990 100 dry parts 

ORGASOL® 3501 EXDNAT 1 40 dry parts 
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BENZOFLEX® 352 40 dry parts 

TERGITOL® 15-S40 2 dry parts 

POLYOX® N60K 1 dry parts 

ammonia 0.55 parts 

5 isopropyl alcohol drops (to defoam) 

TERGITOL 15-S40 is an ethoxylated alcohol surfactant 
available from Union Carbide (Danbury, CT). 

10 The BENZOFLEX® 352 powder was ground to an average 

particle size of about 8 microns by Powdersize, Inc., Quakertown, PA. 

The mixture was dispersed in a Cowles dissolver, a high shear mixer, 

for about 30 minutes. The total solids content was 33.8 wt% total dry 

solids in water. Drops of isopropyl alcohol were added as needed to 

15 control foaming. The surface meltable coating was applied to provide 

2 

a dry coating weight of 4.5 lb./ 144 yd or about 17.0 gsm. 
Top Coat Layers 

The following layer was used as a top coating layer for 
20 overcoating a print coating layer, particularly ink jet print coating 

layers. The layer was applied using a Meyer rod technique and dried 
in a forced air oven at about 180°F (82°C). 

TCI 

25 Top coating layer TCI was a mixture of the following 

components: 

POLYOX® N60K 0.66 dry parts 

ALCOSTAT 167 0.66 dry parts 

30 KLUCEL® L 0.33 dry parts 

The mixture was dispersed in a Colloid mill. The total solids 

content was 1.65 wt% total dry solids in water. The top coating was 

2 

applied to provide a dry coating weight of 0.25 lb./ 144 yd or about 
35 0.9 gsm. 
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EXAMPLE 1 

Preparation of Heat Transfer Materials Having a Thermal Ribbon Printed 

Image Thereon 

Heat transfer materials were prepared from the above- 
5 described layers. The components of the heat transfer materials are 

shown below in Table 1. Images were printed onto the heat transfer 
materials using a thermal ribbon printer. 

Table 1. Thermal Ribbon Printable Designs 
10 



Sample # 


Base Paper 


Base Coat 


Release 

Coat 


rrint Coat 


TR1 


BP3 


BC1 


RC1 


PCT1 


TR2 


BP3 


BC1 


RC2 


PCT2 


TR3 


BP3 


BC1 


RC2 


PCT4 


TR4 


... BP3 


BC1 


RC3 


PCT4 


TR5 


BP3 


BC1 


RC4 


PCT4 


TR6 


BP3 


BC1 


RC5 


PCT4 


TR7 


BP3 


BC1 


RC5 


LCP5 


TR8 


BP1 


BC2 


RC6 


LCP5 


TR9 


BP1 


BC2 


RC6 


LCP6 


TRIO 


BP1 


BC2 


RC6 


PCT4 


TR11 


BP1 


BC2 


RC13 


PCT2 


TR12 


BP1 


BC2 


RC14 


PCT4 


TR13 


BP1 


BC2 


RC14 


PCT9 


TR14 


BP1 


BC2 


RC15 


PCT6 


TR15 


BP1 


BC2 


RC16 


PCT9 


TR16* 


BP3 


BC1 


NONE 


PCT1 



* Comparative example having no release coat. 

For good thermal ribbon printing results, smoothness of the 
15 base substrate is known to be a desirable factor. Better printing results 

are obtained when there is good contact between the heat transfer 
sheet and the ribbon. Further, the smoothness of the surface meltable 
(print) coating layer is known to be a desirable factor for producing 
good print results. Better print results are obtained when the surface 
20 meltable (print) coating bonds well to the wax ribbon pigments. 

Coatings containing meltable ethylene-acrylic acid copolymer binders 
with meltable, fine particulate polymers worked particularly well. 

A surface meltable layer coating basis weight of as little as about 
3 lb. per 144 yd (11.3 gsm) was suitable for use with the thermal 
25 ribbon printers. 
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Each sample was tested for color wash retention, "hand/' and 
tackiness. As used herein, the term "hand" is used in its customary 
way (i.e., the feel and stiffness of a given sample). The results are 
given in Table 4 below. 

5 

EXAMPLE 2 

Preparation of Heat Transfer Materials Having a Laser Color Copier Printed 

Image Thereon 

Heat transfer materials were prepared from the above- 
10 described layers using the procedure outlined in Example 1. The 

components of the heat transfer materials are shown below in Table 2. 
Images were copied onto the heat transfer materials using a Canon 700 
laser color copier. 

15 Table 2. Color Laser Copier Designs 



Sample 


Base Paper 


Base Coat 


Release 


Print Coat 




Coat 




CLC1 


BP1 


BC2 


RC5 


PCT4 


• CLC2 


BP1 


BC2 


RC5 


LCP5 . 


CLC3 


BP1 


BC2 


RC5 


LCP6 . 


CLC4 


BP1 


BC2 


RC14 


PCT8 .: 


CLC5 


BP1 


BC2 


RC14 


PCT9 ; - 


CLC6 


BP1 


BC2 


RC14 


LCP3 


CLC7 


BP1 


BC2 


RC16 


PCT9 


CLC8* 


BP1 


BC2 






CLC9** 


BP6 




RC10 


BC1 



* Comparative example using hot removal of paper, having a single 
layer of meltable coating. 
20 ** Comparative example using cold removal of paper, having a release 

coat and an outside single layer of meltable coating. 

Bond papers such as BP1 and BP6 in the tables above worked 
well for photocopier grades, due to their stiffness, conductivity, caliper, 
25 and smoothness required for photocopying. 

For photocopying, the surface meltable or top coating does not 
need to be as smooth as in thermal ribbon printing. Very similar 
coating compositions to the thermal ribbon types worked well for 
photocopying. 

30 A surface meltable layer coating basis weight of as little as about 

3 lb. per 144 yd (11.3 gsm) was suitable for use with photocopying. 
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Each sample was tested for color wash retention, "hand/' and 
tackiness. The results are given in Table 5 below. 

EXAMPLE 3 

5 Preparation of Heat Transfer Materials Having an Ink Jet Printed Image 

Thereon 

Heat transfer materials were prepared from the above- 
described layers using the procedure outlined in Example 1. The 
components of the heat transfer materials are shown below in Table 3. 
10 Images were printed onto the heat transfer materials using an ink jet 

printer. 



Table 3. Ink Jet Printable Designs 



sample 


uase 


Dase v^oai 


Coat 


Sub- 

Coat 


Print 
Coat 


Tod Coat 


TT1 




BCl 


RC6 


SCI 


PIJ1 


NONE 


TT? 


BP3 


BC1 


RC6 


LCP5 
(SC2) 


pni 

J 


NONE 


IT3 


BP3 


BC1 


RC6 


LCP6 
(SC3) 


PIJ1 


NONE 

* 


IT4 


BP2 


BC3 


RC6 


SC4 


PIJ1 


NONE 


ITS 


BP2 


BC3 


RC6 


SC5 


PIJ1 


NONE 


IT6 


BP2 


BC1 


RC10 


NONE 


PIJ2 


TCI 


IJ7 


BP1 


BC2 


RC11 


NONE 


PIJ2 


TCI 


U8 


BP1 


BC2 


RC11 


SC6 


PIJ2 


TCI 


IJ9 


BP1 


BC2 


RC11 


SC7 
(PCT8) 


PIJ2 


TCI 


IJ10 


BP1 


BC2 


RC11 


SC8 


PIJ2 


TCI 


IJ11 


BP1 


BC2 


RC11 


SC9 


PIJ2 


TCI 


IJ12 


BP1 


BC2 


RC11 


NONE 


PIJ2 


NONE 


IJ13 


BP1 


BC2 


RC11 


NONE 


PIJ3 


TCI 


IJ14 


BP1 


BC2 


RC12 


NONE 


PIJ2 


NONE 


IJ15 


BP1 


BC2 


RC12 


NONE 


PIJ2 


TCI 


IJ16 


BP1 


BC2 


RC12 


PCT8 


PIJ2 


NONE 


IJ17 


BP1 


BC2 


RC12 


PCT8 


PIJ2 


TCI 


IJ18 


BP1 


BC2 


RC12 


NONE 


PIJ5 


NONE 


IJ19 


BP1 


BC2 


RC12 


NONE 


PIJ6 


NONE 


IJ20 


BP1 


BC2 


RC10 


NONE 


PIJ6 


NONE 


IJ21 


BP1 


BC2 


RC10 


NONE 


PIJ9 


NONE 


IJ22 


BP1 


BC2 


RC10 


NONE 


PIJ4 


TCI 


IJ23 


BP1 


BC2 


RC13 


NONE 


PIJ4 


TCI 


IJ24 


BP1 


BC2 


RC14 


NONE 


PIJ4 


TCI 


IJ25 


BP1 


BC2 


RC13 


SC9 


PIJ4 


TCI 


IJ26 


BP1 


BC2 


RC14 


SC9 


PIJ4 


TCI 


IJ27 


BP1 


BC2 


RC13 


NONE 


PIJ7 


NONE 


IJ28 


BP1 


BC2 


RC13 


SC9 


PIJ7 


NONE 
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IJ29 


BP1 


BC2 


RC13 


NONE 


PIJ8 


NONE 


IJ30 


BP1 


BC2 


RC17 


NONE 


PIJ8 


NONE 


IJ31* 


BP6 


NONE 


RC10 


BC1 


PIJ2 


TCI 


IJ32* 


BP 6 


NONE 


RC10 


BC1 


PIJ3 


TCI 


U33** 


BP3 


NONE 


NONE 


BC1 


PIJ2 


TCI 


IJ34 


BP7 


BC4 


RC12 


SC10 


PIJ10 


NONE 


IJ35 


BP7 


BC4 


RC12 


SC9 


PIJ10 


NONE 


036 


BP7 


BC4 


RC18 


SC10 


PIJ10 


NONE 


U37 


BP7 


BC5 


RC12 


SC10 


PIJ10 


NONE 


IJ38 


BP7 


BC5 


RC18 


SC10 


PIJ10 


NONE 


U39 


BP6 


BC5 


RC19 


sen 


PIJ11 


NONE 



* Comparative example having a meltable layer only on the outer 
surface of the release coat. Cold removal of paper. 
** Comparative example having no release coat and hot removal of 
5 paper. 

For ink jet printing, any of the base papers were suitable. As far 
as ink jet printing results, surface meltable or top coating containing 
polyamide powder, ORGASOI® 3501 EXD NAT 1, provided the best 
10 results. The polyamide powders were very receptive to the ink jet 

inks. Further, the melting point and melt viscosity were low enough 
and the particle size was particularly suitable for the formation of a 
microporous coating. 

MICHEM® Prime EAA suspensions were again determined to 
15 be the binders of choice, although acceptable results were also 

obtained with an EVA latex, AIRFLEX® 540. AIRFLEX® 540 did not 

® 

melt and flow as well as the MICHEM Prime EAA suspensions. 
Retention of the ink jet inks was enhanced by the addition of a cationic 
polymer, particularly ALCOSTAT® 167. ALCOSTAT® 167 was 
20 determined to be compatible with the non-ionic latex AIRFLEX 540. 

Compatibility of ALCOSTAT 167 with anionic MICHEM Prime 4990 
was improved by the addition of TRITON® X100 and KLUCEL L or 

POLYOX® N60K. 

For ink jet printing, better print results were obtained with a 

25 surface meltable coating basis weight of from about 4.0 lb./144 yd to 

about 5.01b./H4 yd 2 . 

Each sample was tested for color wash retention, "hand," and 
tackiness. The results are given in Table 6 below. 



30 
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EXAMPLE 4 

Testing of Heat Transfer Materials Having a Thermal Ribbon Printed Image 

Thereon 

Transfers of the images were made using a hand ironing 
5 technique or a heating press. A cushioning material was placed onto a 

hard surface. A piece of cloth or blotter paper was suitable as a 
cushioning material. A substrate to be coated was then placed onto the 
cushioning material. Then, the heat transfer material was placed onto 
the substrate. 

10 When an iron was used, the heat transfer material was ironed 

for three minutes, applying pressure onto the heat transfer material. 
The ironing strokes were slow and in the longest direction of the heat 
transfer material. The iron used was a Procter-Silex model 17109 or 
13117. When a heating press was used, the heat transfer material was 

15 pressed for up to 30 seconds. The images were multi-colored test 

patterns covering nearly all the heat transfer material surface. The 
heat transfer material was removed after cooling. 

The heat transfer materials described in Table 1 above were 
transferred to substrates using a hot or cold peelable method. The 

20 substrates used were either 400% cotton T-shirt material (cotton) or 

50/50 cotton/polyester (cotton/poly) material. The heat pressed 
samples were pressed for 30 sec at 350°F using a Hix Model 600 press 
from Hix Corporation, Pittsburg, KS. A few of the heat pressed 
samples were also pressed for 10 sec at 350°F using the same 

25 equipment. 

The coated substrates were tested for the following properties: 
color wash retention, "hand," and tackiness. For each property, a 
number value from "1" to "5" was assigned. The rating system is 
explained below. 

30 A rating of "5" in color retention indicated that there was a 

noticable , but small, decrease in color intensity after five washings. A 
rating of "1" indicated that very little color remained after five 
washings. Ratings of "2" to "4" indicated progressively poorer color 
retention from "4" to "2". 

35 A rating of "5" in hand indicated that the difference in feel 

between the original fabric and the image-bearing fabric was barely 
noticable. A rating of "1" indicated that the image-bearing fabric was 
very stiff, smooth, and non-porous. Ratings of "2" to "4" indicated 
progressively poorer hand from "4" to "2". 
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A rating of "5" in tackiness indicated that two image-bearing 
fabrics did not adhere to one another after being pressed together on a 
heat transfer press at 215°F and subsequently cooled. A rating of "1" 
indicated that the two image-bearing fabrics adhered strongly to one 
5 another after the above-described test, resulting in damaged images. 

Ratings of "2" to "4" indicated progressively more tackiness from "2" 
to "4". 

The testing results are shown below in Table 4. 
10 Table 4. Thermal Ribbon Print Test Results 



sample 


pa one 


i ransrer 
Method 


l aper 
Removal 


v_.oior 
Wash 

JXCLCilllUrl 


riana 


lacxi- 
ness 


trier 


TR1 






nui 


1 

1 




c 

D 


i 


TR2 


Cotton 


Press 


Hot 


2 


5 


5 






v-Oiton 


i ress 


ilOt 


a 
o 


C 

0 


C 

0 




TR4 


Cotton 


Press 


Hot 


i 


5 


5 


i 


TR5 


Cotton 


Press 


Cold 


3 


3 


5 


2,3 


TR6 . 


Cotton 


Press 


Cold 


3 


5 


5 


2 


TR7 


Cotton 


Press 


Cold 


3 


5 


5 


2 . 


TR8 


Cotton 


. Press 


Cold 


3 


5 


5 


2 


TR9 


Cotton 


Press 


Cold 


3 


5 


5 


2 


TRIO /. 


Cotton 


Press 


Cold 


3 


5 


5 


2 


TR11 


Cotton/ 
Poly 


Press 


Cold 


3 


4 


5 


4 


TR12 


Cotton/ 
Poly 


Press 


Cold 


4 


4 


5 


4 


TR13 


Cotton/ 
Poly 


Press 


Cold 


5 


4 


5 


4 


TR14 


Cotton/ 
Poly 


Press 


Hot 


4 


5 


5 


6 


TR13 


Cotton 


Iron 


Cold 


5 


4 


5 


6 


TR14 


Cotton/ 
Poly 


Iron 


Hot 




5 


5 


5 


TR15 


Cotton/ 
Poly 


Press* 


Hot 


4 


5 


5 




TR15 


Cotton/ 
Poly 


Iron 


Hot 




5 


5 


5 


TR16 


Cotton/ 
Poly 


Press* 


Hot 


4 


3 


3 


7 



* Transferred well after 10 sec. pressing also. 

15 Other key: 

1. Incomplete transfer. 
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2. 



3. 



4. 



5. 



6. 
7. 
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The surface meltable (print) coating contained voids due 
to the water repellancy of the release coating. 
Some of the interior meltable coating actually went 
through the release coating and into the fabric; the 
release coating still functioned. 

The surface meltable (print) coating became loose while 
processing through the printer, as the coating had a 
tendency to adhere to the wax ribbon. 
The paper was difficult to remove after ironing; this was 
not the case with the efficient, rapid, heating of the 
heating press. 

Print was somewhat grainy. 
Comparative example. 



15 
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EXAMPLE 5 

Testing of Heat Transfer Materials Having a Laser Color Copier Printed 

Image Thereon 

The heat transfer materials described in Table 2 above were 
transferred to substrates and tested using the heat transfer procedure 
and testing procedure as outlined in Example 4. The testing results are 
shown below in Table 5. 



Table 5. Laser Copier Test Results 



Sample 


Fabric 


Transfer 
Method 


Paper 
Removal 


Color 
Wash 
Retention 


"Hand" 


Tacki- 
ness 


Other 


CLC1 


Cotton 


Press 


Cold 


2 


5 


5 


1 


CLC2 


Cotton 


Press 


Cold 


3 


5 


5 


1 


CLC3 


Cotton 


Press 


Cold 


4 


5 


5 


1 


CLC4 


Cotton/ 
Poly 


Press 


Cold 


4 


4 


5 . 




CLC5 


Cotton/ 
Poly 


Press 


Cold 


5 


4 


5 




CLC5 


Cotton/ 
Poly 


Iron 


Cold 


5 


4 


5 




CLC5 


Cotton/ 
Poly 


Press 


Hot 


5 


5 


5 




CLC6 


Cotton/ 
Poly 


Press 


Cold 


4 


4 


5 




CLC7 


Cotton/ 
Poly 


Press 


Hot 


5 


5 


5 




CLC8 


Cotton/ 
Poly 


Press 


Hot 


4 


3 


2 


2 
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CLC9 


Cotton/ 


Press 


Hot 


3 


3 


4 


2 




Poly 















Other key: 

1. The surface meltable (print) coating had some 
voids due to the water repellancy of the release 
coating. 

2. Comparative sample. 

EXAMPLE 6 

Testing of Heat Transfer Materials Having an Ink Jet Printed Image Thereon 
The heat transfer materials described in Table 3 above were 
transferred to substrates and tested using the heat transfer procedure 
and testing procedure as outlined in Example 4. The testing results are 
shown below in Table 6. 



Table 6. Ink Jet Printable Test Results 



Sample 


Fabric 


Transfer 
Method 


Paper 
Removal 


Color 
Wash 
Retention 


Hand 


Tacki- 
ness 


Other 


IJ1 


Cotton 


Press 


Cold 


4 


5 


5 


1,2 


IJ2 


Cotton 


Press 


Cold 


4 


5 


5 


1,2,3 


H3 


Cotton 


Press 


Cold 


4 


5 


5 


1,2 


U4 


Cotton 


Press 


Cold 


4 


5 


5 


1,2 


IJ5 


Cotton 


Press 
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4 


5 


5 


1,2 


IJ6 


Cotton/ 
Poly 
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4 


3 


3 


1,4 


W 


Cotton/ 
Poly 
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Cold 


4 


4 


5 


1,4 


U7 


Cotton/ 
Poly 


Press 


Cold 


5 


4 


5 


1 


IJ7 


Cotton/ 
Poly 


Press 


Cold 


5 


4 


5 


5 


W 


Cotton/ 
Poly 


Press 


Cold 


4 


4 


5 


6 


W 


Cotton/ 
Poly 


Iron 


Cold 


5 


4 


5 


1,3 


IJ9 


Cotton/ 
Poly 


Iron 


Cold 


5 


4 


5 


U 


IJ10 


Cotton/ 
Poly 


Iron 


Cold 


5 


4 


5 


1 


IJ11 


Cotton/ 
Poly 


Iron 


Cold 


5 


4 


5 


1 


IJ11 


Cotton/ 
Poly 


Press 


Cold 


5 


5 


5 


5 



45 



WO 01/03941 



PCT/US00/40363 



IJll 
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5 


5 
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6 
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4 


5 


6 
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4 


5 


1 
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4 


4 


5 


1 
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4 


4 


5 


1 
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4 


4 
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5 


5 
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3 


4 


5 


6 


IJ17 
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Press 


Hot 


5 


5 


5 


1 

V 
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Cotton/ 
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Iron 


Cold 


5 


4 


5 


1 . 


IJ17 


Cotton/ 
Poly 


Iron 


Cold 


5 


4 


5 


5 • 


IJ17 


Cotton/ 
Poly 


Iron 


Cold 


5 


4 




6 •; 


IJ18 
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Iron 


Cold 


2 


5 


5 
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Press 
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2 


5 


5 


1,4 
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4 


4 


5 


1 
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4 


4 


5 
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4 


3 


4 
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3 


4 


4 
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4 


4 


5 


1 
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Cold 


4 


4 


5 


1 
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4 


4 


5 


1 
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5 


4 


5 


1 
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5 


4 


5 


5 
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5 


4 


5 


5 



46 



WO 01/03941 



PCTYUS00/40363 
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4 


5 
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5 


4 


5 


5 
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5 


4 


5 


6 
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4 


5 
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5 


4 


5 


5 
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5 


4 


5 


6 
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5 


4 


5 
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5 


4 


5 


5 
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4 


4 


5 


6 
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5 


4 


5 


1 
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5 


4 


5 


1 
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4 


2 


2 
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4 


3 


3 
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IJ32 
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4 


3 


3 


6,4 


IJ32 
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Cold 


4 


3 


3 
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Cotton/ 
Poly 


Press 


Hot 


4 


4 


3 


1 


IJ33 


Cotton/ 
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Iron 


Hot 


4 


4 


3 


1,8 


IJ33 


Cotton/ 
Poly 


Press 


Hot 


4 


4 


3 


5 
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Cotton/ 
Poly 


Press 


Hot 


4 


4 


3 


5 


U34 


Cotton 


Press 


Cold 


4 


4 


5 


9 


IJ34 
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Cold 


4 


4 


5 


9 


IJ35 
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Cold 


3 


4 


5 


9 
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4 


4 


5 


9 
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Press 
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4 


4 


5 


9 
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Cotton 
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Cold 


4 


4 


5 


9 
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4 


4 


5 


9 


IJ38 
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Press 


Cold 


4 


4 


5 


8,9 


IJ39 


Cotton 


Press 


Cold 


4 


4 


5 


6 


IJ39 


Cotton 


Iron 


Cold 


4 


4 


5 


6 1 
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Other key: 

1. Canon BJ600 Printer 

2. There were voids in the sub-coating and/ or 
5 surface meltable (print) coating due to water 

repellency of the release coating. 

3. Some of the interior meltable coating actually 

went through the release coating and into the fabric; the 

release coating still functioned. 
10 4. Slight cracking of the image-bearing coating 

after 5 washes. 

5. Epson Stylus 800 printer 

6. Hewlett Packard 694 Printer 

7. Moderate to severe cracking of the image- 
15 bearing coating after 5 washes. 

8. The paper was hard to remove. The image- 
bearing coating of the fabric stretched and 
became distorted. 

. . ; 9. Epson Photo Stylus Printer. 

20 

4 *" 

While the specification has been described in detail with respect 
to specific, embodiments thereof, it will be appreciated that those 
skilled in the art, upon attaining an understanding of the foregoing, 
25 may readily conceive of alterations to, variations of, and equivalents to 

these embodiments. Accordingly, the scope of the present invention 
should be assessed as that of the appended claims and any equivalents 
thereto. 
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Claims 



What is claimed is: 



1. A heat transfer material comprising: 

a first meltable layer; 
10 a second meltable layer; and 

a release coating separating the first and second 

meltable layers. 

2. The heat transfer material of Claim 1, further comprising 
15 a base substrate. 

3. The heat transfer material of Claim 2, wherein the base 
substrate comprises a nonwoveh web or a polymeric film. 

20 4. The heat transfer material of Claim 2, wherein the base 

substrate comprises paper. 

5. The heat transfer material of Claim 1, wherein the first 
meltable layer comprises an extruded film. 

25 

6. The heat transfer material of Claim 1, wherein the first 
meltable layer has a melt flow index of less than about 500 and a 
softening temperature of less than about 400°F (204.4°C); and wherein 
the second meltable layer has a melt flow index of more than about 10, 

30 and a softening temperature of less than about 350°F (176.7°C). 

7. The heat transfer material of Claim 6, wherein the first 
meltable layer has a melt flow index of from about 0.5 to about 100, 
and a softening temperature of from about 150°F (65.6°C) to about 

35 300°F (148.9°C); and wherein the second meltable layer has a melt flow 

index of from about 20 to about 20,000, and a softening temperature of 
from about 150°F (65.6°C) to about 300°F (148.9°C). 
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8. The heat transfer material of Claim 7, wherein the first 
meltable layer has a melt flow index of from about 2 to about 50, and a 
softening temperature of from about 200°F (93.3°C) to about 250°F 
(121.1°C); and wherein the second meltable layer has a melt flow index 

5 of from about 30 to about 10,000, and a softening temperature of from 

about 200°F (93.3°C) to about 250°F (121.1°C). 

9. The heat transfer material of Claim 1, further comprising 
one or more layers, wherein the one or more layers comprise a base 

10 substrate, a sub-coating layer, a top coating layer, a top coating layer, 

or a combination thereof. 

10. The heat transfer material of Claim 1, further comprising 
an image printed on the second meltable layer. 

11. The heat transfer material of Claim 1, in combination 
with a fabric. 

12. The heat transfer material of Claim 10, wherein the 
image-bearing coating has a basis weight of less than about 40 gsm. 

13. The heat transfer material of Claim 12, wherein the 
image-bearing coating has a basis weight of less than about 30 gsm. 

14. The heat transfer material of Claim 13, wherein the 
image-bearing coating has a basis weight of less than about 20 gsm. 

15. A method of forming an image-bearing coating on a 
substrate, wherein the method comprises: 

30 placing the heat transfer material of Claim 1 on a 

substrate; 

applying heat and pressure to the heat transfer 

material; and 

removing a non-transferable portion of the heat 

35 transfer material. 

16. The method of Claim 15, wherein the non-transferable 
portion comprises the first meltable layer and the release layer. 



15 



20 



25 
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17. The method of Claim 15, wherein the substrate comprise 
a fabric. 

18. A method of forming an image-bearing coating on a 
5 substrate, wherein the method comprises: 

placing a heat transfer material on a substrate, 
wherein the heat transfer material comprises a first meltable layer; a 
second meltable layer; and a release coating separating the first and 
second meltable layers; 
10 applying heat and pressure to the heat transfer 

material; and 

removing a non-transferable portion of the heat 

transfer material; 

wherein the non-transferable portion of the heat transfer material 
15 comprises the first meltable layer and the release coating. 

19. The method of Claim 18, wherein the second meltable 
layer has a basis weight of less than about 40 grams per square meter. 

20 20. The method of Claim 19, wherein the second meltable 

layer has a basis weight of less than about 20 grams per square meter. 
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